In the Southern Pantanal, the hyacinth macaw (Anodorhynchus hyacinthinus), an endangered species, often chooses the manduvi tree (Sterculia apetala) as a nesting site, because of its physical properties. In addition, the chemical composition of the wood may also contribute to a nesting selection by the hyacinth macaws. The objective of this study was to determine the main chemical components of S. apetala bark for two seasons, and evaluate its fungicidal potential. Bark samples from S. apetala trees with and without nests of A. hyacinthinus were collected in January (wet season) and August (dry season) of 2012. The inhibition of mycelium growth (MGI) from tree samples with and without nests were assessed using a phytochemical analysis to evaluate their antifungal activity against Trichoderma sp. Phytochemical analysis confirmed the presence of phenolic compounds and flavonoids. In both seasons, samples obtained from nested trees had higher content of total phenols than those collected from non-nested trees. The average content of total flavonoids was higher in January for samples with nest and in August for samples without nest. All selected samples showed antifungal activity, and those with nest collected in August (peak of hyacinth macaw breeding) resulted in an MGI of 51.3%. Therefore, this percentage, related to the content of flavonoids and the presence of coumarins, may influence the reproductive success of hyacinth macaws and other species of birds, in this region. This is the first chemical study report with the stem bark of S. apetala. KEYWORDS: Manduvi, Anodorhynchus hyacinthinus, Trichoderma sp., secondary metabolites, flavonoids.
INTRODUCTION
The "manduvi" tree or "amendoim-de-bugre" tree (Sterculia apetala), can be found in Central and South American tropical forests, and its population in Brazil occurs in the Pantanal and the Amazon rainforest (Marinho et al. 2010; Santos Jr. et al. 2007) . Adult specimens are rare, with a density less than one specimen per hectare (Pinto and Hay 2005) , reaching heights of 20-30 meters. The manduvi heartwood is soft and susceptible to branch breakage and decomposition by microorganisms, and consequently causes the formation of cavities used as shelter and/or nest for more than 20 species of animals, such as the endangered hyacinth macaw (Anodorhynchus hyacinthinus Latham) (Santos Jr. et al. 2007; Guedes and Candisani 2011) .
In the Pantanal of Miranda -MS, more than 90% of hyacinth macaw nests are found in S. apetala's cavities, and the availability of the tree can be a limiting resource for their reproduction (Santos Jr. et al. 2007) . The choice of manduvi by A. hyacinthinus is mainly due to physical characteristics of the tree (Guedes and Candisani 2011) , but other factors can be considered, such as the chemical composition of the wood itself, which, depending on its nature, may act as a biocide, making it naturally more resistant to pathogenic activities.
Studies with other Sterculia species report a diversified chemical profile, with the presence of steroids, triterpenes, flavonoids, alkaloids, phenolic compounds and fatty acids (Aued-Pimentel et al. 2004) ; there are reports of antifungal activity in other species of the same genus (Fenner et al. 2006; Tania et al. 2013) .
Some wood-inhabiting fungi are able to infect bark wounds of living trees, causing structural damages to the trees (Meysami and Baheri 2003) . Trichoderma genus is an example of a rapid growing fungus species that occurs in all climate zones (Kubicek et al. 2003 ) that can cause tree damage.
Considering the importance of the manduvi tree for hyacinth macaw conservation as well as for maintenance of biodiversity in the Pantanal (Santos Jr. et al. 2007) , the aim of this study was to determine the main classes of chemical compounds present in the Sterculia apetala bark, comparing them in the dry and wet seasons, and evaluate the fungicidal potential on mycelial growth of Trichoderma sp.
MATERIALS AND METHODS

Plant material
The bark samples of Sterculia apetala Jaqc. Karst (Malvaceae) were collected (one meter from the ground) in January (wet season) and August (dry season), 2012, at Fazenda Caiman (19º51´to 19º58´S and 56º17´to 56º 24´W) , in Miranda city, Mato Grosso do Sul, Brazil. The area is situated between the southeastern limit of the Pantanal and the Aquidauna River, Aquidauana sub region. The average annual temperature is 25 ºC with two well defined seasons: the dry winter and the rainy summer. The rainy period occurs from November to April. This region includes deciduous and semi-deciduous forests, wet grasslands, elongated strands of forest ("Cordilheiras"), forest islands ("Capões"), riparian forest, temporary rivers ("Vazantes"), scattered pools ("Baías") and grasslands with exotic grass (Silva et al. 2000) .
Bark samples were removed with a chisel, from 16 trees in January, and again from the same trees, in August. Eight of these 16 trees were used for nesting by hyacinth macaws (marked by the Hyacinth Macaw Project -"Projeto AraraAzul"). Trees were considered nests when at least one egg was present in the previous breeding season (2011). The chisel wounds were sealed with solid vaseline to prevent pathogen development. The samples were named SN1 to SN8 for trees without nest and CN1 to CN8 for trees with nest. The samples were oven-dried at 45 °C (MA35, Marconi, Piracicaba, SP, Brazil) for 14 days and grinded with a milling machine (MA048, Marconi, Piracicaba, SP, Brazil) into a uniform powder. Exsiccates were deposited in the herbarium of the "Universidade Anhanguera-Uniderp" (n° 7946, n° 7947).
The calculation of ethanolic yield from the extracts is important information for species that have no phytochemical studies. In order to do this, an ethanol filtrate with 50 g of dried sample (60 mesh particle size) at room temperature for 5 days was made by maceration, and then the filtrates were evaporated in a rotary evaporator (MA120, Tecnal, Piracicaba, SP, Brazil). The yield percentage of the ethanolic extract obtained was calculated using the relations: Yield (%) = (weight of dried extract / weight of oven dried specimen) x 100 (Alves et al. 2012) .
Phytochemical analysis
The phytochemical analysis of the ethanolic extracts (20%) for each sample was obtained with 20 g of dried bark in 100 mL of ethanol and then extracted with an ultrasound device (Model 1450, Unique, Indaiatuba, SP, Brazil) for 60 minutes and subsequently 24 hours of maceration. This procedure was repeated for 7 days. The ethanolic extracts (20%) were submitted to the following procedures: phenolic compounds (reaction of precipitation: 2% ferric-chloride; 10% lead acetate and 4% copper acetate), tannins (iron salt reaction and protein precipitation, B-I and B-II), flavonoids (cyanidin reaction and sulphuric acid, A-I and A-II), coumarins (analysis under UV light), naphthoquinone (acid/ base reaction), steroids and triterpens (Liebermann-Burchard reaction), cardiotonic glycosides (Keller-Killiani and Pesez tests), saponin (Lieberman-Buchard reaction and foaming index) and reducing sugars (Benedict), following Matos (2009) methodology (Table 1) .
ACTA
AMAZONICA
The bark samples were analyzed three times and compared to the control sample (ethanolic extract -20 g of dried plant in 100 mL of ethanol), by observing the color alteration and precipitation of the filtrate (Costa 2002) . Changes in color, for each test, were classified as being of partial (±), low (+), moderate (++), high intensity (+++) and negative (-). The tests with precipitate formation (phenolic compounds and tannins) were carried out in graduate tubes (No.8080, Pyrex®) and considered as being of partial (less than 0.2 cm), low (0.2 to 0.5 cm), moderate (0.5 to 0.7 cm) and high intensity (0.7 to 1 cm) ( Table 1 ).
The frequency for the classes of secondary metabolites was determined for the two sampling periods (January and August 2012). A frequency of 100% was considered for samples where a secondary metabolite class was present in all samples and periods.
Total phenols
Phenols were determined by Folin-Ciocalteu's method, by using 100 mg of ethanolic crude extract. The absorbance of each sample was measured using a spectrophotometer (7000S, Femto, São Paulo, SP, Brazil) at 750 nm (Sousa et al. 2007 ), ).
Determination of total flavonoids
The method of Sobrinho et al. (2008) was used to quantify flavonoids in crude ethanolic extracts (100 mg). Quercetin (QE = 0.5 mg mL concentrations, and a standard curve was obtained using the formula: y= 0.0465x + 0.0213; r²= 0.9993. The absorbance was measured using a spectrophotometer at 420 nm and a quartz cuvette.
The tests for phenols and flavonoids were made with three replications for each concentration and the mean and the standard deviation values were calculated. The data were submitted to ANOVA (α ≤ 5%) using BioEstat 5.3 software ).
Antifungal activity bioassays
For the antifungal activity bioassays, the samples with the highest flavonoids rate (SN2 and CN4) were selected. To acquire the UV-visible spectra, an aliquots (10 mg mL -1 ) of given crude ethanolic extracts was used. The absorbance spectra was determined at 200 to 600 nm wavelengths and they were characterized through the FTIR spectra (MB Series, BOMEM 157 FT-IR spectrometry, Canada) of either KBr pellets or CHCl 3 films, in the frequency range 4000-400 cm -1 (Silverstein and Webster 2000) .
Mycelial growth essay
The fungus (Trichoderma sp.) colonies used for the antifungal bioassays were preserved in PDA (potato-dextroseagar) growth medium, in tubes under low temperature (5 °C). Seven days before the bioassays, the fungus was replicated into Petri dishes containing sterile growth medium (PDA) and incubated in a BOD (Biochemical oxygen demand) at a temperature of 22 ± 2 °C.
For each bark, ethanolic extract, a main solution (200 mg 100 mL -1 ), was prepared, in a 100 mL volumetric flask, using 0.2 g of crude ethanolic extract with 5 μL of DMSO (dymethyl sulfoxide), completing the volume with hydro-ethanolic solution at 20%. Thereafter, the solution was added to sterilized PDA at the fusion point (± 45 °C), at 200, 400, 800, 1600 and 2000 μg mL -1 . Two control treatments were used in the bioassays: one containing only PDA and another containing DMSO + 20% hydro-ethanolic solution diluted in the PDA. Then, 10 mL of each were poured into sterilized Petri dishes and a 0.5 cm diameter disc containing mycelia and spores of Trichoderma sp. was placed in the center of the dish. The Petri dishes were sealed with parafilm and stored in a BOD chamber (CE-300/350-F, CIENLAB, Campinas, Brazil) at 25 °C. Mycelial growth was measured daily using a ruler to determine the diameter of the colonies (mean value of two perpendicular measurements) until the control treatment colony reached the border of the dish. From mycelial growth data, the percentage of growth inhibition was calculated based on the control sample (Menten et al. 1976) . PGI (%) = 100 x [(diameter of sample control -diameter of sample treated)] / diameter of sample control Complete randomized experimental design was used with four replications and, for analysis of variance, F test was applied (α ≤ 5%). When the results were significant, non-linear regression analysis (α ≤ 1%) was applied for doses at each collecting site (CN or SN), for both seasons. This research was carried out observing all legal formalities required for this kind of investigation, no conflict of interest.
RESULTS
The phytochemical analysis indicated the presence of phenolic compounds, flavonoids, tannins, alkaloids and cardiotonic glycosides, changing only in the intensity, except for coumarins, which showed a frequency of 18.7% and 37.5% and steroids and triterpenes, with a frequency of 50% and 43.7%, for SN and CN samples, respectively (Tables 2  and 3 ). This is the first work to report a chemical study with the stem bark of S. apetala.
With respect to the intensity of analyzed substances from samples in both seasons, the phenolic compounds had the highest values during August (moderate intensity). Tannins and alkaloids were constant in both seasons (moderate and low intensity, respectively). For trees without nests, the intensity of flavonoids was the same in both seasons (low intensity), and for CN samples, there were variations, with higher intensities in January. The cardiotonic glycosides ranged between seasons, with more intensely in August.
In both seasons, the average values of total phenol were different and higher for trees with nests (CN1 to CN8) when compared to those without nests (SN1 to SN8); seasonal effects on the average value of total phenols were observed only for specimens without nests, differing statistically between January and August (Table 4 ).
All samples were collected in 2012, when the average air relative humidity and temperature values were similar to the historical mean of the previous four years. Only rainfall was different from the historical data, especially in August, with the lowest annual average value (Figure 1 ). For the average of total flavonoids, only CN samples suffered from seasonal influence, with the highest values being registered during the first collection, that corresponded to the flooding season as well as the summer season (Table 5) . Thus, the average for total phenols and flavonoids of the ethanolic extracts from the bark of S. apetala were more representative for CN samples in August. As mentioned before, the flavonoids have a diversity of bioactivities, such as the antifungal potential. Therefore, based on these results (highest total flavonoids rates), SN2 and CN4 samples were chosen for phytochemical and fungicidal assays.
ACTA AMAZONICA
For the selected samples SN2 and CN4, the results of phytochemical analysis indicate the presence of phenolic compounds, flavonoids, hydrolysable and condensed tannins, alkaloids and cardiotonic glycosides, independently of collection season (Tables 2 and 3 ). These results also differ regarding their intensities, indicating that environmental factors are influencing the biosynthesis of secondary metabolites. Only CN4 extracts, from August, indicated the presence of coumarins in low intensity.
Every sample showed significant difference (α=5%) for flavonoids rates, both among the samples themselves or in relation to the collection season of the same sample (Table 5) . Overall, results obtained from the visible-UV spectra scanning on SN2 and CN4, from either season, indicated that both samples had maximum absorption (λmáx. In both seasons, the infrared (IR) spectra of SN2 and CN4 showed a broad band at 3410 cm -1 , suggesting hydroxyl group, the phenolic OH and/or alcohol. Two bands at 2959 and 2846 cm -1 refers to CH stretching of methyl groups and/ or methylene. Absorptions for axial deformation of aromatic carbon, C-C double bond was observed between 1606 and 1472 cm -1 revealing the aromatic character of the samples. Comparing these values with infrared spectrum (IR) of flavonoids this spectral analysis corroborated with the results for this class of metabolite in all samples (Silva et al. 2005) .
Regarding the statistical analysis from the antifungical activity against Trichoderma sp., there was a triple interaction between dose, season and place of collection, for the inhibition of mycelial growth (Figure 2 ). All the ethanolic extracts of S. apetala inhibited fungal development beginning with the dose of 200 μg mL -1 , following a constant pattern for subsequent concentrations. The inhibition effect was significant regardless of the dose applied.
In January, the SN2 sample inhibited the fungal growth by 38.1%, and the CN4 sample, by 36%; these results were statistically different between them. As for the August sampling, SN2 inhibited the fungus by 39.5%, and CN4, by 51.3%, indicating a significant increase on the inhibitory effects when compared to the samples collected in January.
Based on the evaluated parameters, the highest PGI for SN compared to CN, collected in January, is correlated to the phenolic compound rate. As for August, inhibition patterns have an opposite behavior than samples collected in January, observing that the CN4 sample showed a higher PGI, and this inhibition may be related to the flavonoids content, as well as to the presence of coumarins.
DISCUSSION
The phytochemical analysis indicated that samples from trees with nests have a higher variability of compounds than trees without nests, regarding coumarins, triterpenes, and steroids. There are many f-actors capable of altering the synthesis of plant secondary metabolites including, temporal and spatial variation. These factors result from biochemical, physiological, ecological and adaptive processes (Gouvea et al. 2012) . Bark samples of trees with and without nests were acquired from specimens in the same region (Pantanal of Miranda). Therefore, spatial variation is not probably a factor determining secondary metabolites changes; but seasonal effects most likely cause some variation. Gouvea et al. (2012) indicate strong correlations between the sampling period and the metabolite concentration patterns, because the kind of compound and its quantity are inconsistent throughout the year.
When comparing S. apetala yield extracts from specimens with and without nests, collected in January and in August, it was possible to detect variations between different samples (SN and CN) and the highest yields were obtained in samples collected in August, the dry season.
In the dry season, most extracts of plants from the Cerrado biome show a higher alcoholic yield, for example, Croton urucurana Baill has hydroalcoholic extracts. However, some species show an opposite behavior to C. urucurana and others do not show fluctuation in the mean alcoholic extract yield (Alves et al. 2012 ).
These results indicate that plants respond differently to environmental stimulus, changing from different species or even between the same species (Verpoorte and Memelink 2002) , as observed in this study. As for other Sterculia species, no studies about alcoholic extract yields regarding seasonal aspects have been found.
Average rates of total phenols found in this study for S. apetala barks were lower than S. striata ethanolic extracts (63.9 mg GAE g of sample) , S. setigera methanolic extracts (61.3 mg GAE 100 mg) (Konaté et al. 2011) , and S. rhynopetala extracts (100 mg g -1 ) (Huang et al. 2009 ). For S. setigera leaves collected on the Western Africa region, total phenols from hydroacetonic extract and its fractions varied between 13.2 and 30.0 mg GAE g of sample (Ouédraogo et al. 2013 ).
The amount of phenols from trees with nests (CN1 to CN8) during the sampling months demonstrated that these trees invest in synthesizing these compounds which may act in defense against herbivore or pathogen attacks, especially when the trees are sheltering eggs and/or hyacinth macaws chicks, at the peak of the reproductive season (August).
The group of phenolic compounds is diversified in relation to its chemical composition and biological activity. Phenol production may be linked to carbon metabolism, varying with climate and the photosynthetic efficiency of each season (Taiz and Zeiger 2004) .
Seasonal effects such as photoperiod, light intensity and temperature, may interfere in the production of secondary metabolites as a plant strategy defense (Gobbo-Neto and Lopes 2007) . Phenols act as defense agents against different kind of stress such as pathogen attacks or adverse environmental conditions (Amaral et al. 2004) , and they may cause alterations in their content when monitored throughout an entire year (Yao et al. 2005) . For example, Monteiro et al. (2006) observed that tannin content of leaves and barks from Caatinga species has different adaptive strategies to face dry and wet seasons, showing a strong relationship to seasonality.
The average flavonoids content from barks of S. apetala found in this experiment (Table 5 ) was higher than those described for the methanolic extracts of S. setigera (0.515 ± 0.005 mg GAE 100 mg) collected in Africa (Konaté et al. 2011) . Studies conducted with hydroacetonic extract from the leaves of the same S. setigera describe a flavonoids content variation of 3.6 to 8.2 mg quercetin eq. g (Ouédraogo et al. 2013) . Seasonal effects and antifungal activity from bark chemical constituents of Sterculia apetala (Malvaceae) at Pantanal of Miranda, Mato Grosso do Sul, Brazil ACTA AMAZONICA Flavonoids are known for their antioxidant properties and for defense against bugs, fungi, viruses and bacteria. It has been reported that flavonoids synthesized in plants tend to increase in periods with high light incidence, due to the protecting function of these compounds against ultraviolet radiation (Taiz and Zeiger 2004) . Irradiance can be associated with the high rate of flavonoids found in S. apetala barks collected in January, when days are warmer and irradiance is higher. Borella et al. (2001) showed that flavonoids rates in Baccharis trimera Less collected in the summer have 72% more flavonoids than samples collected in other seasons. Similar results were found for ethanolic extracts from the bark of S. striata, S. urens and S. rhynopetala Ogundare and Olajuyigbe et al. 2012) for the class of secondary metabolites found in SN2 and CN4 samples. Souza et al. (2003) , evaluating qualitatively secondary metabolites in Vanillomopsis erythropappa for 12 months, stated that flavonoids, tannins, triterpenes, steroids and saponins underwent fluctuations over time.
The values of total flavonoids are affected by seasonality for SN and CN, with CN samples having higher rates compared to the others. Generally, January (flooding season) showed the highest flavonoids rates, when compared to August (dry season), for both samples. That might be explained by the protective function of flavonoids against UV rays, which are more intense during the summer (January).
In the analysis of the absorption spectrum in the UVvisible region it was evident that for the SN2 samples, the amount of flavonoids during the wet season (January) was higher than in the dry season (August). The wet season is characterized by higher temperatures, relative humidity and rainfall, when compared to the dry season. CN4 samples followed the same pattern for the analyzed periods.
Secondary metabolites are compounds characterized by their great structural diversity, but restricted to certain families. Such chemical diversity makes those compounds fundamental traits of adaptive and coevolutionary processes of plants, as the phytochemical profile of a certain species, and even individuals among the same species, might be influenced by the environment (Gobbo-Neto and Lopes 2007). Inhibition of mycelial growth of Trichoderma sp. in the concentrations studied support the use of S. apetala barks in folk medicine for treatment against skin diseases (Morton 1981) . Those properties are also reported for many species belonging to the same genus that show similar properties in different plant parts (Naik et al. 2004; Tania et al. 2013) .
Phenolic compounds, particularly flavonoids and tannins, are within the chemical group that play a role in plant resistance to fungi attacks (Agrios 2005) . Walker (2006) cites terpenes and their derivates, tropolones and phenolic compounds, such as: flavonoids, stilbenes, quinines, lignans and tannins as the main cause for hindering the development of wood-decay fungi. Nsolomo et al. (2000) identified Trichoderma spp. on the stems and trunks of live Ocotea usambarensis, indicating that they are the pioneer colonizers responsible for heartwood decay in this species. The species S. apetalus is more susceptible to fungus attacks when there are broken twigs and when they are used as nests, because chipped parts of the tree are used by hyacinth macaws in building their nests (Oliveira et al 2008) . Consequently, this exposure of the manduvi heartwood may provide an entrance for opportunistic fungi. In this region, growth conditions for microorganisms are even more favorable during the wet season because of the higher temperatures and relative humidity.
In the Southern Pantanal, the mating season of hyacinth macaws lasts from July to January (Guedes and Candisani 2011) . For this reason, sampling for this study was carried out to include the end (January -flooding season) and the peak (August -dry season) of A. hyacinthinus mating season. The CN4 sample collected during these peaks had the highest antifungal potential, proportional to the flavonoids rate and the detection of coumarins. As mentioned before, it is possible that these two metabolites are responsible for inhibiting fungal growth.
Flavonoids can be found in many plant organs, acting on defense mechanisms or as molecular signals in symbiotic systems (Shaw et al. 2006 ). In the fungus-plant relationships, they may act as phytoalexins in pathogenic systems, on chemotaxis and spore germination and as antifungal substances (Taiz and Zeiger 2004) .
Coumarins are known for their antifungal activity and are mostly present in Apiace (Umbeliferae), Rutaceae, Fabaceae (Leguminosae) and Asteraceae (Compositae), also showing anticoagulant, antibacterial, anticarcinogenic, anti-inflammatory, antioxidant, lipolytic and antiallergenic potentials . Furthermore, there are studies that report the presence of coumarins in Malvaceae resulting in antifungal activities (Abad et al. 2007 ).
The phytochemical and UV and IR spectroscopy investigation of ethanolic extracts from Sterculia apetala barks collected in the Pantanal of Miranda show that chemical compounds are affected by seasonality, with a predominance of phenolic compounds and their derivatives (flavonoids and coumarins), indicating that environmental characteristics can affect metabolic responses and to be important for the species.
CONCLUSIONS
Both of the selected samples (SN2 and CN4) presented antifungal potential against Trichoderma sp., regardless of applied concentrations, and the tree with nests (CN4) ACTA AMAZONICA promoting the highest inhibition on the fungus mycelium. A strong correlation was found between the highest rates of phenolic compound and antifungical activity during the wet season (January) and highest rates of total flavonoids and presence of coumarin during the dry season (August). The results of this study indicate that seasonal variation in the amount of total phenols and flavonoids in bark samples of Sterculia apetala suggests the action of these substances in the chemical defense against possible pathogens.
